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(57) Abstract: 



PURPOSE: A method for preparing a manganese-based cathode active material for a lithium secondary battery is 
provided, to obtain a manganese-based cathode active material with more uniform size at a low temperature by 
one process. 

CONSTITUTION: The method comprises the step of refluxing lithium salts and manganese salts in basic aqueous 
solution. The obtained active material is compounds represented by LixMnO(2-z) or LixMnO -y)MyO(2-z). 
wherein 0.45<=x<=1 .1 , 0.01<=y<=0.5, 0<=z<=0.5; and M is a transition metal selected from the group consisting 
of Ti, Fe, Co, Ni, Al, La, Ce and Sr or a metal of lanthanide series, or a semimetal selected from the group 
consisting of Si, B, Ga and Ge. Preferably the refluxing is carried out at a temperature of 40=300 deg.C for 5 
hours or more, and the pH of the basic aqueous solution is 7-16. The obtained active material has a particle size 
of 10 nm to 10 micrometers and a surface area of 0.1-5 m^/g. 
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fie* 

S tS8 £IM§ SJ S Jl£ ^g^^CHIAH A|3|^ E+^IM SBSJfc £IM 0|x|- SXIg gj^ai 3= SM^2j XJ|£ ^SOii ^ 

Eh 0| H o f S2g tii8 8PI sf*^ 1 UiX| 22| »&SS¥EI £^£|OJ, 10nm LflXI 10/ffli2| 2J£ §J 0.1 

LHXI 5nf/ Q o| S^^# SfeCL 



1] 

Li x Mn0 2 -z 

[»SJ4i 2] 
Li x Mni-y M y 0 2 - Z 

±\Gl\M, 0.45 < x < 1.1, 0.01 < y < 0.5, 0 < z < 0.50101, M = Ti, Fe, Co, Ni, AI, La, Ce, §J Sr^ OI^CHXI^ ^0\\M d^SJfe SOI 3 
^ SEfe 2+EfUOIH e ^CH£ 61U 0|#2| S^OI^iU, £*=r Si, B, Ga 31 Ge^ 0|^Oi£! ZOilAi <M^£J^ SJa^OICh 4PI ^Oil SHgSl 
te fig ^£1^ ?2 (x - 0.5), rhombohedral ?S (x - 1.0), orthorhombic ^2 (x - 1.0), §J ^£PJ 6-Mn0 2 (x 

- 0.0)£ 

£2 
SAllAi 

£ S gJSPJ HlS^SOil AfgSJfe §X|2J 2*i£0ICh 

£ 2£r S ^SOil CUB a JS2S C*a&> aiM OI » SXIg SMUe se^OICI. 
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£ 3a, 3b, 3ci= ^AIOII 1, 3, 40j|Ai 82h3ll 9^ ^§§I2J ^AiaWfiDIS (Scanning Electronic Microscopy) A r 20|Cr. 

£ 4^ ^ Al Oil 1,3, 4, 5 SI XRD HH^OIQ. 

£5^6^ g A| Oil 6 ^ 721 BISS l*gIJ2! XRD nHS^S, 2*2* ^£21 LiMn 2 0 4 21 XRD AH© §J ft#?S2| 

6-Mn0 2 2J XRD HH^e SOI^Cf. 

s b-im oi » sxi§ aaai »^ tre^sj xii^ as s oioii s\m xiiss mmmow ^q^ah, &ah5WI= dies §j 

8*2*88 ^g^OUH ^W^§ A|9lte i§25 H^OIIAH gf = t*§Hg HISS 4* BIB 0|X r 2X|g gf= iii^J Xll£ 

g*s §j oioii 2]§n ^ise! g*^ tii^i 2010. 

die om 2xi^ ^wog bis oissi a D\^m m^m »^ as m^°^ Anew, ^01 °^nf moioii 2^ se 

te MBJCH 2oH^M e^Al^j BIB 0IS0I »= §J g^OilAH 4*^/1^1 1 (0I2J 2 si, ^ &m0il SJ5KH 23| Oil Li XI f§ »«ffCK 

2.1 B 0\X\ 3X121 g= SSSSfer BIB 3^8 Afg5fS2L[, BIB 3^8 A\mm 3? SJ^BfOI^ (dendrite)2j oish B^WI 2] 

m $\mgo\ m bib ch<m bisn &± se^ ass &± §21 &±3ii mm^. u\msio\ d\h sick 

S= fli^b US^IUOIE (chalcogenide) Sf^M^f 3£;tfSS0| 01 AISS2 2iQ. ^Xlfe LiCo0 2 , LiNi0 2 , LiMn 2 0 4 (^HM). LiMnO 

2 (rhombohedral), LiMn0 2 (orthorhombic) §21 3^ &9880I 2732 '4^1 »^ tii s LiNi0 2 fe blB^ WB}, ^ 

a ss§^2i 2xi m^m UEfum mgmiot ch^h =»si ^is^e ein ?iq. ucoo 2 ^ sm^ *oi 2££2f 2x1 se* 

3 El 3 ^4*B 2^ SOIffl, ^XH SonyAr §011 AH AIBEIH C|j£^°J SM^OIU, H^oj g^il§0| %LQ. LiMn 2 0 

4 tefill), LiMn0 2 (rhombohedral), LiMn0 2 (orthorhombic) B2\ fii8 ^5E0il M^§6}-Cfe B§1 ^Xim StOI bl 

>km, Oil 2S£ ^0i OH ^ 01 M^OIDK 

o.o^o^ Ah^| 6h9SS §!S <i^MM2| i^H 23^ &lgAI51 i^thCK ^^01^ 2^1 ^EH2j SSi ^ ^ 

m^Blt: 5§i ^ Xh5j| emmOj XHSSfe ^SOICK OlIS IS, SonyArOIIAH^ Li x Co0 2 ^M^e Co{OH) 2 

C03O4 §2| A r §5FOj 800 ~ 900 "C Oil AH A|^ §^ ^ x-j £.| E[ ^, MiH, S£ §21 JiXi 156^ 2iCK SE^ Dr^AI 

C[01l AH ^ 2B^I 2^ §§§ OlgmOl 1B^|0ilAH^ 400 — 580 °C 011 M LiOH2f Ni <^SfM3f Co ^sfMM &}§A|^ 1x[^2^ s^l 
2&^1I0IIAH^ 800*0 011 AH AlZh SB- ^xHd|6l04 E h ^6hSCK 

LiMn0 2f LiMn 2 0 4 §21 tfiE LiOH2f »2f ^Slii 0|§5fO1 500 — 800 "C CHI AH ^§0il CQ-EJ- t,^6H2 

mm &j\m eausi ^simm ^i^a^ 01 an e+^im >i xi cn , ^bisf Aizte iss tha^ bsoi aia. se^ 

2i wz\^\ ^mmt: 301 ch^h ^sfini §§s m^s a^bho^e^ 

me^2i M£i^ £§ia sxi2i 2^1 2f?i^ ^^oii xitm ^mm o\x\^ ma.m q.°±°^m 2x121 ^gm ^o\mmj\ ^shah^ ois mm^ 
mo\ sf^i^ gj2i^ 5it 4 s ^cho^ mc\. ^, 2 xi oil ah 21 mm^zi ^u-msj gai^ gnoii 21 

mo\ g>n n^soii 2^5^01 ssoiiah mgm mm ^^&mm mmm^ mm e^2j ^noii sjshah sf^si^i 

(IHSOII ^if ^^A|3PPF &go| Oi^Q. CEfEIAH sl§ <^SfM ^^2J ^s>A|3|^H 5^ ^ 

5 ^ ^SSI #^5| 2^EIH 

oi§moi oie mmmm mgmiu sj^ ai^ m^2| a°*gm Dim ^ zin, ^rj^o^ 200-300 toiar 21 xhsoiiah 
m ^ 919.®, £jxF2j 3^i§ 2,^1 m&m ^ ziotz §§01 2ici. sieoiife 0101 ^3x1 t,^ssci ch ^a ass ^§ 

ucoo 2 2j &w t,^a (£im oixf 2xi§ mmm ^ H21 xii^ 2000-0003548^)011 ch^ ^lh m^i m^&?ia. 

^SO| OI^HXJ- Bfe ^1^^ 3}^| 

^§2j Mci- o^m mmm^ ^a atoiiAH s^oj g§i S6H SQ 5 o.^ a^iM ra^sh aie oix^xig ^zi- 

^ ^S2J Q§ SXll^o^ Qot5| o^^j ^g^ig Jft^m ^ 9Jtzz ^1 XII^5fe ^0|Cf. 

^S2| 7^ iJ ^§ 

s^jg g^S^I ^imoj, ^ ^SS ^ ^Si S^l^ ^§^^(HIAi y§A|3l^ Ef^lS S&5f^ die 01 2XI§ 

^e§2j xiis ^ie^Q. 

01 XII 5 u JS2f XII ^9 g>^ *8SI@ 5PI 1 UiXI 22J ll^e^VEH <y^£JD1, 10nm UiXI 10/^121 §J 0.1 UIXI 5m7g2| 

1] 

Li x Mn0 2 - 2 

[m^M 2] 
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Li x Mrh-y M y C>2-z 

±\0\\M, 0.45 < x < 1.1, 0.01 £ y £ 0.5, 0 ^ z ^ 0.50I01, M = Ti, Fe, Co, Ni, A!, La, Ce, §J Sr^ 0|¥CHXIfe 201IAH S0| 3 

^ EE*= ^EfLfOlE m ^CH£ 6H4 0|&£| S^O|>IU. EE^ Si, B, Ga ^ Ge^ 0|¥CHS 5 Oil AH d^£J^ S[5^0|C[. &J\ ±\0\\ SHSaf 
^iiS ^EJ^ ^£ (x - 0.5), rhombohedral ^2 (x - 1.0), orthorhombic (x - 1.0), §=! g& 821 <^s[M 6-Mn0 2 (x 

- o.ojs ^££io.) 

0I6I- ^ CH^ ^ Ail SMI tf gSCh 

& ^shj jiis aiMsm- 8Z*s ^ s:>i£ y§Ai!j &n yiii as»oi an?i 1 mxi 22] sn,*g§ xiis 

KP-. ^, S ^SS ^X-iB-l S§1 ^A|» ms. S10I BXI y§°!2g ll^ii a£» 4= 2iCK 

£ ^ S01I AH 0lg» ^HS (reflux)0l£r °d y J5}2S Slill ^g §3|0|| ^gjff ^, S£S g^UI^ ^Ii§¥£i fltfg 11 OH 11 ^A|3|H 

. 01 gOHll «2MI3|, Zl ^¥1 CfAl «ig ^Pl Oil ^gJShfe B»Q. = , 0| ^gg g°» ^ EH Oil AH y^6K>1 gOH°J 

g^ HFSSJ Hf§M » Xl 2 AH °JXFM £Sg, SSAI31 Mil MSWte ^gOICK 01 ^S, ^3| Sf^M &S0II M§£|^ g*B0| 

ck 

^ s § Oil AH ^ U J§8 40~300*C, bH^o^l^ 80 — 1 50 °C Oil AH 5~48A|Z!g^ M AlEhQ-. «[§ 40 'C □ I Rl 0 1 £J2 ^ Sli OiiLHXI 

£ SJeh04 yg0| StUSXI ^Xi!£jO| SICK EE5.K y§ AI^OI 5A[Z! D|°>iJ S^Oil^ ^gOI &1SJXI Sfe ^^ISOI 48AIZ1 gof 

SLrgA|5M2 ^M8 r H^, CH 0|& ygAIIJ iJ£i= 2JCK 

6PI dlM UOI^BilOl^, £IM OhAtl EllOI^, Z\m mO\^mMO\E. £^ £|g 3^SU|0|s §§ a*8» 4* Sl^M, &3| ^Jgog 

821 moiE^AhOIE. g^Zf U0IM2II0IM, 8Zt OfAliEilOjM. ^Zt ^SUIOI^, 821 M^BfOIH if A^g^ 4= SACK D2HU dlMSSJ- 8ZI- 
SOI g£S StltSOII ehgElfe 3^ OhUCK &}| g}|a 4,g^o^i= KOH SE^ NaOH^I gJI£ slime MOil gBHorOI SJI£ 4 s 

Alit 4= 91Q. pH ^^i 7~160ilAH P^ShDl, b^^jS^I^ pH 13 01^ S^l A^Sfe ^0| b^^m 

Q. 

[sf*^ 1] 

Li x Mn0 2 - 2 
[SF^a. 2 ] 

LixMrh-y M y 02-z 

(^51 ^OilAi, 0.45 < x < 1.1, 0.01 < y < 0.5, 0 < z < 0.50IW, M = Ti, Fe, Co., Ni, Al, La, Ce, 91 Sr^ 0|¥OUI^r ^ Oil AH <^^£|^ S0| ^ 
^ EE^ ^EIL^OI^ e ^OiSE 6m 0|^S| ^^OI>iU, EE^ Si, B. Ga ^ Ge^ 01^ CHS 2 Oil AH ^S^OIQ. ^Oil 5H©5|- 

b (x - 0.5), rhombohedral (x ~ 1.0), orthorhombic (x - 1.0), §J ^^^J ^IfM 6-Mn0 2 (x - 0.0)^ 

^SSCr.) 

oim ^ ^s^i bfi>^^ ^Aioiig ^ixh^ci. naHU api ^aioii^ ^ ^sm^i $\m =?mo(\o\o\, ^ ^S0| SPI ^A|0j|^ ^§£J^ 

OFUP. 
(tfAIOil 1) 

3.776g2J LiOH-H 2 02f 4.996g2J MnO ^ 12M KOH 120mlM §X|2| df^H M£j^H0il ^ ^ MBilOIMSJ 
1301C^XI e^UI^Qf. 01 ^ EE Oil AH * 48A|^ §^ 11^^01 ^^A|^Q. ^^01 iitf ^ ^OiS g^M OlHf, Ail^ 

mOI I Oil AH 2j£A|31 iie LiMn0 2 l^siSCi. 

(tf AIM 2) 

ifW^ii 90 X: Oil AH ^A|§!- 51 731215^ ^>0| ^A|0j| 13F §^6MI ^AIS^Q. ^g0| « £jO]S g2"e CMUf^OI S2I 
Oil AH Z15A|^ sie LiMn0 2 gf= tii tr^m^a. 

(tiAIOII 3) 

SZlSi 8.047g2J MnC0 3 ^ ^'Alt> 51 ^11216^ ^Ol fe- Al Oil 1^ §^5^| ^AIS^Q. &mOI ^ ^CHS §5«I 0\D\§[ 
0\ ¥B S^IOIIAH 2^A|31 SJg LiMn0 2 g,^ fii ^WM ^SiaCI. 

A| Oil 4) 

&W^g°J gfL^i 13.854g°J MnCI 2 -4H 2 0^ fe'Alth 73ISJ5H2 ^>0| fe'AIOll 13J- =^ l SMI fe'A|6fSCf. ^^01 * ^CHS g^M 
Oj^aFOl ^^I0il/d 2 5AI51 LiMn0 2 2*^ mmM i^^mSCf. 

Al Oil 5) 

^^15] ^JSI 17.156g£| 8^(11) 0^19101^ (Mn(C 2 H 3 0 2 ) 2 

)^ fe'AlHh ^ISiaHI &OI ^A|0}| 131- MSJ8MI feA|6^Q. ^^01 * ^OiS g^e OlllfmOl S^l sOilAi >}3EA|^ 

(tf AlOfl 6) 
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«SB«2| °o^Jgl aZMll) OWEIIOie (Mn(C 2 H 3 0 2 ) 2 )2l- KMn0 4 m ^ 14.583g3f 1.659g *\0\M AIK «2|»3 #31 ^ A] Oil 13 

sssmi «Ai5Fsaa. ysoi sy- * ^ch*! 2s sua s^i soii/h z^ai^ as UMn 2 o 4 «as sua sasha 

(41 AIM 7) 

««aS2| ^JSi aZKll) OMdlEHOI^ (Mn(C 2 H 3 0 2 ) 2 )Sf KMn0 4 M 10.294g3 4.425g <3CHAH SI £1 SHI &3| gAIOII 13 

iion ^aio^q. emoi sti * ^ch*! oi3»w gsa §31 §011 ah >i2eai^ sie s^^si 6-Mno 2 asu §s 

& iSB 8PI2I- §¥9 £21 CH^ ^ Ail 5 1 ^ 

maioiioii am Mm s^sm e ioji UEiu^cf. seoiiai ^ime^ © ^eoah (8^31), ® eiim^ me}±h ® sse:* °® ssj 
&3i ^ AioiiecHi as *im mm^m £ 2011 nema^ai, b m&ow ®m en a^si aie oixi- sz^i i§i§ 

SMEOIOI, £3011 Ai x, y, z ^ MB ^Oi Cfll UEftHQ: 
0.45 < x < 1.1, 
0.01 < y < 0.5, 
0 < z < 0.50ICM. 

M = Ti, Fe, Co, Ni, Al, La, Ce, ^ Sr^ OI^CHU^ ^ Oil AH <Mi»£j^= 20| §^ SEfe &hEfUO|H 3** g ^CHEE 5H4 OI&2I ^0|>IU, SEfer 
Si, B, Ga S Ge^ 0|¥CH£! ^OlIAH y^^OIQ. 

6PI ^A|0j| 1, 3, 40UH ^mm mmmms\ ^AfEXieQig (Scanning Electronic Microscopy) A\*±m ^ E 3a, 3b, 3c01l UEfLHSiCr. XII 

£S mm^^ n hd\d\ 50-300 nm bd\9\ gjxhs s^si&oqi Egroi &ssa ^xq ssaaaa a 4 «a. 

E^ &OI A| Aid 1. 3, 4, 521 g[S2S HSB «8fi2l XRD HHtiB 2¥ LiMn0 2 (orthorhombic)£J XRD HHSl BJasoj 0 |g £ 4 

Oil E 5 Oil AH ^ £>0| fe'AIOII 6SJ ^2^ BI2S S 81*21 XRO HJi^M UEfUISiDK Xil££i »8I!g ^£2j UMn 2 0 4 2| 

xrd nHee sao. aiaioi 7oiiah soi^ xrd m&m e schiah ueubbick xii^s #ei!2j xrd nHea §^52j 6-Mno 2 2j xr 



&=tm H r 2f aoi, ^ gjgsj oigohoi, ^§§[ ^s^soiu s§§ soi xi^ g§i emoi 

5PI gOlohOI LiMn0 2 (orthorhombic), LiMn 2 0 4 (spinel), S4 hz P3&2l 6-Mn0 2 H 01 2H ^fXI g,^ iiif §|'5| #g6^01 ^ij^jo 

S XllStr 4 

(57) Hfl 

B-IMS i! ^JSi 4§^^0ilAH £}gA|3l^ E+^1IB H§r^ £!M 0| xh 2II§ ^^^1 XJI^g^S 

XII 1 S-CHI SiOlAH, 4^1 gf= #M^B 5PI sf*^ 1011 AH 2^X|°| sHJM^¥E| <y^£J^ ^21 XII 2 
1] 

Li x Mn0 2 - z 

[im^ 2] 

Li x Mni-y M y 0 2 - Z 

(^^l ^OIlAi, 0.45 < x < 1.1, 0.01 < y < 0.5, 0 < z < 0.50ICN, M = Ti, Fe, Co. Ni, Al, La, Ce, §J Sr^ OI^CHII^ ^OilAi d^!£lb SOI S 
^ £^ ^EfUOIH e ^CHE am 0I&2] ^^OI^U. £^ Si, B, Ga ^! Ge^ 0|^CH2 ^0||A1 <M^£J^ d^^ 0 |Cf.) 

3. 

XII 1 ^~-2 mo\\ 210\k\, 40 ~ 300 2 £ Oil AH 5A|Z) 0|^ ^A|5fe 3PJ XII ^ 

4. 

XII 1 £^ 2 m0\\ ?10\M. <£J\ ^§°Ji8 pH = 7 - 16ei XII ^ 
5. 

XII 1 Si= 2 &0{| SiOH/H, ^Ol «^|^ ^§°J|8 KOH i! NaOH^ Ol^OiS! Z Oil AH ^i«SJ^ g}|£J sf^il MOil g6HSK)i XH3ES 2£J XII i 
6. 
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M 1 SEfe 2 SOll Si (HAH, ilijg (x - 0.5), rhombohedral (x - 1.0). orthorhombic (x - 1.0), SEfe 6-Mn 

0 2 (x - 0.0)011 «H98rb ^3 751 l\X\t= 332! a5 aa . 

899 7. 

331 1 SEfer 2 SOil SiOUH, ^Hl^l 10nm U XI 10/«2I i^H, 0.1 LH XI SmT/gSI n^^f J\x\ti 3*21 ^S. 

1 



CD 



(2) ' ^ 



H20 




2 



]VIn -source; {or (jL-y); 3VIn 4- 
± XjiQ»Ht i«^0(iexcess> 



add ixito KLOH solution 



Reflux at temperature 100-300 °C 
under atmosphere 



Precipitation of powders in solution 



Coolirig 



drying under atmosphere 
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* £S 3a 



3b 
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